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often a code [wordi for brainwash-

ing by experts or industry-" Clearly-

there are ethical considerations in

risk communication (3-7).
Within the community of risk

professionals the phrase has come

to mean communication that sup-

plies lay people with the informa-

tion they need to make informed in-

dependent judgments about risks to

health, safety. and the environment

(3-10). Lay people make personal

decisions about their exposures to

risks, such as those associated with

radon and diet, over which they ex-

ercise considerable individual con-

trol. Lay people also participate in

democratic government processes

by which decisions are made about

risk issues, such as building a nu-

clear power plant, over which indi-

viduals can exercise relatively little

control. To quote Thomas Jefferson

about these processes, "diffusion of

knowledge among the people" is

the only sure strategy "for the pres-

ervation of freedom and happi-
ness.

The research reported here seeks

to present people with information

they need in a form that fits their in-

tuitive ways of thinking. It is in-

tended to support the social and po-

litical processes of managing risks

in a democratic society. If risks were

better understood, some conflicts

would be avoided. Other risks that

have received too little scrutiny

might become the focus of informed

debate (3-7, 11). .
If lay people were trained deci-

sion analysts, then it would be

straightforward to determine what

information they need. A decision

analysis would be constructed for

the decisions that they face. theii

current knowledge would be as

sessed, and the additional informa

tion they need to help them distin

guish among the available option
could be calculated. For example
homeowners deciding whether t,

test for radon would need to knoN

the likelihood that their house has

high radon level, the health risk c

various radon levels, the cost an

accuracy of testing procedures. an

the cost and efficacy of possible ri

mediation measures (8-10).
However, people sometimes d

not need to know much in order

make an informed decision. For e

ample, the probability of having

radon problem might be sma

enough or the cost of remediati

large enough that individua
would gain nothing by testing.

The information they will requ

mum content for communications con

directed at lay people. Remarkably eve

few communications include any gra

numbers at all regarding the magni- on

tude of risks or the confidence that Ib

can be placed in risk estimates. In bef
their stead are recommendations cal
such as "practice safe sex" or "if m
your measured radon level is above rol
the standard hire an approved con- sk
tractor. The implicit assumption of lo
these communications is that peo- su
pie will let others do the decision th

analysis for them, trusting some ex- en

pert to apply the best scientific evi- ar

dence toward identifying the course be
of action in their best interests. That Io

trust could, however, be strained ti

whenever the expert has a vested c

interest in which actions are taken. T
has values different from the cli-

enths, or disagrees with other ex- .

perts.
Even when trust is complete. a

however, numbers alone may not I
suffice. Especially when they refer v
to very small quantities or are ex-
pressed in unfamiliar units, the t

numbers simply may not "speak to

people. To get an intuitive feeling

for the nature and magnitude of a
risk, people may need some under-
standing of the physical processes
that create and regulate it. More-
over, independent knowledge of the

substance of an issue provides one

basis for evaluating experts' pro-
nouncements.

Substantive information may be

even more important in pre- and
post-decision activities. Long before
they make any decisions, people
may be monitoring public discus-
Sion of a hazard. trying to establish
some competence in the issues, and
formulating options for future ac-
tion. After an option has been cho-

- sen. implementing it (or making
- midcourse corrections) can require

further knowledge of how things

work.
a Analogous issues arise when con-

v trol over hazards is exercised
a through political processes. Lay
if people must decide whether to sup-

d port or oppose a technology, as well

d as how to express those beliefs. A

e substantive understanding of risk

processes may be important for

0 evaluating the competence of those

to responsible for a hazard.

a A "mental models" approach

11 People process new information

an within the context of their existing

is beliefs. If they know nothing about a

topic. then a new message will be

ire incomprehensible If they have

strue the message. For example,
n science students who get good
des will graft new knowledge
o fundamentally incorrect naive
ental models" for a long time.
ore replacing them with tecni-
ly correct models (12-16). Such

ental models play significant
les in how people acquire new
ills, operate equipment, and fol-
w instructions (17-23). As a re-
it, communicators need to know
e nature and extent of a recipi-
t's knowledge and beliefs if they

e to design messages that will not
dismissed, misinterpreted, or al-

wed to coexist with misconcep-
ons (see box "Four steps for risk
ommunication.")

he influence diagram

As an organizing device, we con-
truct an expert influence diagram,

directed network showing the re-

ationships among the factors rele-
ant to a hazard-related decision

25). Figure 1 shows a representa-

ive portion of such a diagram for
managing the risk of radon in a
ouse's crawl space. This diagram

was developed iteratively with a

group of experts who reviewed suc--

cessive drafts. In it, knowledge

about exposure and effects pro-

cesses is represented hierarchically;
the higher levels are more general.

An arrow indicates that the value of

the variable at its head depends on

the value of the variable at its tail.

Although they can be mapped into

decision trees, influence diagrams
are more convenient for displaying

the functional relationships among
variables.

No lay person would have this

mental model However, it provides

a template for characterizing a lay-

person's mental model. That char-

acterization can be performed in

terms of the appropriateness of peo-

ple's beliefs, their specificity (i.e.,

level of detail), and category of
knowledge. We distinguished
among five categories: exposure

processes, effects processes (i.e.,

health and physiology), mitigation

behaviors, evaluative beliefs (e.g-

radon is bad), and background in-

formation (e.g., radon is a gas). In

evaluating appropriateness, we

characterized beliefs as accurate, er-

roneous. peripheral (correct, but not

relevant), or indiscriminate (too im-

precise to be evaluated).

open-ended procedure

Elicitation. In the design of our

interview protocol, a primary objec

tive was to minimize the extent to



Four-steps for risk
communication
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Illustration of how the four-step approach to risk communication, based on
people's mental models of risk processes (24), fits within the broader process
of risk management.
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FIGURE 1
Expert influence diagram for health effects of radon'
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presented (see box "Radon inter-
view protocol"). The protocol was

followed assiduously. Interview
transcripts were reviewed periodi-
cally to insure that they conformed
to the protocol. These controls were
needed to prevent the interviewer
from helping respondents with
their answers. A single trained in-
terviewer conducted all the inter-
views reported here.

In the final stage of the interview,
respondents were asked to describe
what each of several dozen photo-

graphs showed and to explain why
it was either relevant or irrelevant
to radon. The session began with

two examples whose status seemed
obvious (a photo of EPA's radon bro-

chure and a photo of Mickey Mouse)-
The other photographs covered a
wide range of topics. In general, be-

liefs evoked by this task should be

less central to respondents' thought

processes than those produced
spontaneously. When previously
unmentioned beliefs appear here,

they are likely to represent latent
portions of people's mental mod-
els-the sort that might emerge in

everyday life if they had cause to

consider specific features of their

own radon situation. For example,
when shown a supermarket pro-

duce counter, some respondents
told us that these plants might have
become contaminated by taking up
radon from the soil in which they
grew. In cases in which photos
evoked erroneous beliefs, respon-
dents likely had labile mental mod-
els to begin with.

Representation. once elicited.
beliefs must be represented in a way
that is sensitive, neither omitting
nor distorting beliefs: practical, in
terms of the resources needed for

analysis; reducible to summary sta-

tistics; reliable across investigators:
comparable across studies; and in-

formative regarding the design of
communications. To fulfill these re-

quirements. we applied a coding
scheme comprised of the expert in-
fluence diagram supplemented by
the erroneous, peripheral, and back-
ground beliefs emerging in the in-
terviews. Using relatively heteroge-
neous opportunity samples. we
found that the number of different
concepts elicited by this procedure
approaches its asymptotic limit af-
ter about a dozen interviews. Figure
2 illustrates this result for two dif-
ferent risks: radon in homes" and

space launch of nuclear energy
sources" (26).

Results. Most subjects knew that
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mentioned), is detectable with a test

kit (96%). is a gas (88%), and comes
from underground (83%). Most knew

that radon causes cancer (630/%).
However, many also believed errone-

ously that radon affects plants (58%),
contaminates blood (38%), and
causes breast cancer (29%). Only two
subjects (8 mentioned that radon

decays. During the interviews, sub-
jects mentioned, on average, less
than one (0.67) misconception out
of 14 concepts mentioned. During
the photograph-sorting sessions,
they produced. on average, 2.5 mis-
conceptions out of 15 concepts.

Discussion. Respondents ex-
pressed many accurate beliefs re-
garding radon, a hazard for which
they may have received little direct
education. Unfortunately, some of
the misconceptions that did emerge
could undermine the value of their
correct beliefs. In particular. believ-
ing that radon is a permanent con-

taminant-like other radioactive
h Zards in the news-could make it

seem like an insoluble problem, at
least for those who cannot afford ex-
tensive remodeling For instance,
we encountered one respondent
who had been persuaded by a con-

tractor to replace all the rugs. paint

and wallpaper in her home.
in related research on perceptions

(27) have found confusion between
stratospheric ozone depletion and
the greenhouse effect. In fact, some
of our U.S. interviewees suggested
that giving up hairspray (which no
longer contains chlorofluorocarbOn
(CFCI propellant) will slow global
warming. Potentially more serious
was many respondents' failure to
mention any link between the
greenhouse effect and energy con-
sumption.

Structured procedures

Design. Open-ended interviews
are essential for allowing the struc-
ture of people's mental models to
emerge and, in particular, for iden-
tif-ying the set of possible miscon-
ceptions. However, the labor inten-
sity of our interview procedure
makes it difficult to use for estimat-
ing the frequency of each belief in a
general population. As a result, the

next step in developing a risk com-
munication is to create a structured
questionnaire for estimating the
prevalence of different beliefs. Such
a questionnaire should address all
significant expert and nonexpert
concepts, translating abstract tech-
nical material into concrete lan-
nguage appropriate for lay respon-

dents. To satisfy that requirement.

there is no substitute for iteratively
1ac0 no chrrPqqIv0 drft with sub-



ects similar to the eventual respon-
dents. For example. the test that we
developed for radon included 58
statements. Respondents could an-
swer "true " "maybe true.' "don't
know, ''maybe false," or "false'

Result. In three small, diverse
samples (total n = 73), our struc-
tured test produced results similar
to those from the open-ended inter-
view. For most test items that corre-
spond to single concepts in the ex-
pert influence diagram (augmented
by nonexpert concepts from the in-
terviews), similar proportions of
subjects stated that those proposi-
tions were true as had mentioned
those concepts in the previous
study. For example, 29% of the in-
terviewees and 32% of the ques-
tionnaire respondents said that ra-
don can come from water; 21% and
18%, respectively, stated that radon
comes from garbage. Thirty-nine per-
cent of questionnaire respondents
agreed that "Radon-contaminated
surfaces stay contaminated unless
they are cleaned or renovated," and
only 13% agreed that "radon decays
over a few days."

Figure 3 summarizes results from
similar studies of lay beliefs about
60-Hz fields (28). Results are shown
for knowledge of 20 basic concepts
drawn from a 54-statement test by
three groups of respondents. Each
circle represents one concept, char-
acterized by the percentages of
right, wrong, and "don't know" re-
sponses. The space itself is divided
into four regions, representing sub-
jects' typical performance. Con-
sider, for example, Concept 2, the
fact that moving charges make cur-
rents. Approximately 3% of sub-
ects disagreed with this statement,

7 3% agreed, and 23% said .that they
did not know whether it was true.
Overall, although there is much
confusion, the centers of mass for
more than 75% of the concepts lie
on the left-hand (correct) side of the
plot. The same was true for two
other groups of respondents in the
study. In this case, in contrast with
the radon case, correcting miscon-
ceptions would not be as high a pri-
ority as building on people's gener-
ally correct beliefs about fields.

One weakness of these interview
procedures is in revealing beliefs
about quantitative relationships. It
would be most uncommon for a lav-
person to say "electric fields fall off
with the inverse square of the dis-
tance from the source.' It is difficult
even to formulate structured ques-
tions about such topics in lay terms
In other studies, we have used qUIes-

FIGURE 2
Number of concepts as function of number of subjectsintervieweda
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tions involving pictures and dia-
grams to tap such beliefs (28, 29).
There, we found that lay respon-
dents could rank the intensity of
fields from transmission and distri-
bution lines. However, they did not
understand the vast range in the
strengths of the fields produced by
different appliances. Similarly,
their estimates of field strength at
different distances from sources
suggested an intuitive inverse-
power law, but one with a greatly
reduced exponent. Given this pat-
tern of results, communications
about fields should focus on sharp-
ening beliefs that are correct quoli-
tatively, but not quantitatively.

Communication materials
Development. Informative materi-

als such as brochures can attempt to
refine mental models in five ways:
by adding parts, deleting parts, re-
placing parts, generalizing parts,
and refining parts of people's be-
liefs (30, 31). The need for each of
these strategies can be illustrated
with findings from our radon inter-
views,

Important pieces of the basic
model of indoor radon exposure
and effects processes were often
missing from our respondents' men-
tal models (e.g., radon decays
quickiv. radon causes lung cancer)

Adding these high-level concepts
might in itself delete or replace erro-
neous beliefs. Other erroneous be-
liefs (e.g., radon causes breast can-
cer), peripheral beliefs (e.g.. radon
comes from industrial wastes) and
indiscriminate beliefs (e.g.. radon
makes you sick) seem to be derived
from mental models of various haz-
ardous processes rather than a core
mental model for radon. As a result.
they need to be addressed individu-
ally.

Based on these results, we de-
signed two brochures. A hierarchical
structure for each brochure was de-
rived from a decision-analytic per-
spective. One (Carnegie Mellon Uni-
versity-DN, or CMU-DN) traced the
Directed Network of the influence di-
agram. The other (CMU-DT) adopted
a Decision-Tree framework, stressing
the choices that people had to make.
Both used higher level organizers
that have been found to improve the
comprehension and retention of tex-
tual material (32). These organizers
included a table of contents, clear
section headings, and a summary.
Both brochures contained identical
illustrations. a glossary, and a boxed
section discussing the assumptions
underlying EPA's recommended ex-
posure levels and the attendant risks.

These two brochures were tested
against EPA's widelv distributed
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Responses to questions about 60-Hz electromagnetic fields'
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"Citizens Guide to Radon" (33).
CMU-DN included all basic expo-
sure concepts in the expert influ-
ence diagram and CMU-DT in-
cluded 89%; EPA included 78%.
Each brochure covered 80% of the
basic effects concepts. EPA covered
a much higher percentage of spe-
cific effects concepts (50% versus
13%). The only higher level orga-
nizers that EPA used were section
headings.

Testing. The three brochures were
compared on a battery of measures.
including our open-ended inter-
view, our true-false test, a multiple-
choice test commissioned by EPA
(34), a short problem-olving task.
and verbal protocols of individuals
reading the text. In addition to ex-
ploiting the respective strengths of
these different procedures. this bat-
tery allowed our brochures and
EPA's to be evaluated with question-
naires developed by both groups.

In general, subjects reading the two
CMU brochures performed similarly.
and significantly better, than those
reading the EPA brochure (35, 36)
The greatest superiority of perfor-
mance was observed with questions

.~~ ~ ~ ~ .1 -

mentioned explicitly in the bro-
chures; these dealt predominantly
with detection and mitigation. CMU
subjects also gave more detailed rec-
ommendations when asked to pro-
duce advice for a neighbor with a ra-
don problem. On the other hand,
respondents were equally able to re-
call or recognize material mentioned
explicitly in their brochure. Each
group performed significantly better
than a control group in all respects.

Although subjects of EPA's test did
more poorly on the tests derived
from the mental models perspective.
there was no overall difference in
performance on the EPA-commis-
sioned test. Performance on two indi-
vidual questions deserves note. More
subjects who read the EPA brochure
knew that health effects from radon
were delayed. However, when asked
what homeowners could do to re-
duce high radon levels in their home.
43% of EPA subjects answered
"don't know'' and go/a nswered,
"There is no way to fix the problem."
This contrasts with the 100% of
CMU-DN and 96% of CMU-DT sub-
jects who answered, "Hire a contrac-
tor to fix the problem."

Do-L ,2 -nirhrn 2r cam.

plex entities; it is hard to discern
which features cause which im-
pacts We believe that the advantage
of the CMU brochures lies in several
common features not shared by the
EPA brochure: their decision-ana-
lytic structure emphasizes action-
related information, which facili-
tates inferences; our preparatory
descriptive research focused the
content of our brochures on gaps
and flaws in recipients' mental
models, and principles from re-
search in reading comprehension
directed the technical design. One
possible additional advantage was
that each CMU brochure was writ-
ten by a single individual, aided by
others' critiques. EPA's brochure,
on the other hand, was written by a
committee consisting of members
from diverse backgrounds; perhaps
that compromised its coherence.

As a caution, we note that all
these results were obtained with
relatively small, albeit quite hetero-
geneous, populations in western
Pennsylvania. We anticipate that
the prevalence of particular beliefs
will vary more across population
groups than will the repertoire of
thought processes involved in mak-
ing inferences or absorbing new ma-
terial.

Conventional wisdom

Although their approaches dif-
fered, the projects producing the
EPA and CMU brochures both
showed a commitment to empirical
validation. By contrast, much of the
advice about risk communication
available in the literature or offered
by consultants lacks such commit-
ment. Perhaps the most carefully
prepared and widely circulated
guidance is a manual for plant man-
agers produced for the Chemical
Manufacturers Association (37). It
focuses on the pitfalls of comparing
risks and concludes with 14 para-
graph-length illustrations of risk
comparisons described with labels
ranging from "very acceptable" to
"very unacceptable." We asked four
diverse groups of subjects to judge
these paragraphs on seven scales in-
tended to capture the manual's no-
tion of acceptability (38). Using a
variety of analytical strategies, we
found no correlation between the
acceptability judgments predicted
by the manual and those produced
by our subjects.

One possible reason for the fail-
ure of these predictions is that the
manual's authors knew too much
(from their own previous research)
n nrolice trulv unacceotable com-

K



parisons. More important than
identifying the specific reasons for
this failure is the general cautionary
message: Because we all have expe-
rience in dealing with risks, it is
tempting to assume that our intui-
tions are shared by others. Often
they are not. Effective risk commu-
nication requires careful empirical
research. A poor risk communica-
tion can often cause more public
health (and economic) damage than
the risks that it attempts to describe.
One should no more release an un-
tested communication than an un-
tested product (11).

Risk professionals often complain
that lay people do not know the
magnitude of risks (39, 40). They
point to cases in which people ap-
parently ignore mundane hazards
that pose significant chances of in-
jury or death but get upset about ex-
otic hazards that impose a very low
chance of death or injury. However,
there is counterevidence on both
scores.

The earliest studies of technologi-
cal risk perception demonstrated
disagreements in the meaning of
"risk" between lay people and ex-
perts (and even among different
groups of experts) (41, 42). As a re-
sult, lay people order "risks" differ-
ently than do experts. However, if
asked to order hazards by their an-
nual fatalities, lay people perform
quite credibly (43-45). Moreover,
differences in the definitions of
"risk" reflect political and ethical
concerns, such as the respective
weights to be given to deaths and in-
juries to various classes of people
(e.g., the young, nonbeneficiaries,
those who expressly consent to
their exposure). Ignoring these dif-
fering definitions poses several per-
ils: neglecting the role of values in
defining and managing risks, un-
fairly deprecating lay people's risk
priorities, and failing to provide in-
formation on critical dimensions
(46, 47),

Moreover, even studies that claim
to demonstrate inappropriate con-
cerns often use questionable meth-
ods. For example, lay people may
be asked to rank risks that are hard
to compare, and are formulated in
unfamiliar terms. We recently asked
three generations of subjects (high
school students, parents, grandpar-
ents) to manufacture their own lists
of concerns and then to answer
questions about the five risks that
most concerned them (48). Al-
though our samples were small In =
87). subjects' self-nominated con-
cerns differed with age to focus on

their [se]f-described) life circum-
stances

Lay people often have little op-
portunity to consider complex risk
issues. However. we found that lay
opinion leaders dealt well with the
risks of the 60-Hz electric and mag-
netic Fields produced by high-
voltage power transmission (49
when we prov ded them with the
necessary acts arid time. Modest
anaivtical assistance probably
would have improved their perfor-
mance further. Poor lay decision
making may reflect inadequate
time, information, and institutional
arrangements. rather than cognitive
limitations. When risk communica-
tion materials adopt jargon or com-
pressed formats that are not familiar
to lay people, understanding can be
poor (50).

Critics argue that all risk commu-
nication is manipulative, designed
to sell unsuspecting recipients on
the communicator's political
agenda. We believe that, with care-
ful design and evaluation, it is pos-
sible to develop balanced materials
that provide lay audiences with the
information they need to make in-
formed decisions about the risks
they face. That design must start
with an examination of what
choices people face, what beliefs
they hold, and what expert knowl-
edge exists.

Research on risk communication
has just begun. Much "conventional
wisdom" withers when subjected to
empirical examination. As a result.
when developing communications
for lay audiences, we see no substi-
tute for the kind of empirical explo-
ration and validation that we pro-
posed in the box, "Four steps for
risk communication." This process
must be iterative, insofar as even the
most careful risk communicators
are unlikely to get things right the
first few times around. Communica-
tors are not to be trusted in their
speculations regarding others' per-
ceptions. The legacy of undisci-
plined claims is miscommunica-
tion, whose price is paid in
increased conflict and foregone
technological and economic oppor-
tunities.
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